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PRESSURE-ACTUATED BI-STABLE 
OPTICAL SWITCHING 

TECHNICAL FIELD 

The present invention relates to optics and, more 
particularly, to optical sWitches. 

DESCRIPTION OF THE RELATED ART 

Much of modern progress is associated With advances in 
computer and related technologies that generate exponen 
tially increasing amounts of data, often exceeding the data 
handling capacity of available communications channels. 
Accordingly, there has been a trend toWard optical commu 
nications systems, Which tend to offer greater capacity or 
“bandwidth” than electrically based communications sys 
tems. 

One of the challenges confronting the development of 
optical communications is to develop optical analogues of 
devices used in electrical communications systems. For an 
example in Which an analog has been successfully 
developed, optical ?bers serve as an analogue for electrical 
cables. On the other hand, matrix sWitching is an area Where 
further Work is required in the optical domain. 

Matrix sWitches are used for selectively routing individual 
input channels to individual output channels. While it is 
possible to convert optical signals to electrical signals and 
back to alloW electrical matrix sWitches to be used, there are 
costs and latencies involved in the conversions. Accordingly, 
optical matrix sWitches have been developed that avoid the 
need for the conversion to the electrical domain. 

Optical matrix sWitches have been developed having grids 
of intersecting Waveguides. SWitch elements at the intersec 
tions determine Whether an optical signal is transmitted 
straight through the intersection or re?ected along an 
orthogonal Waveguide. To this end, the intersection may 
alternatively be ?lled With index-matching (for 
transmission) or non-index-matching (for re?ection) ?uid. 

For example, Agilent Technologies has introduced its 
“Champagne” photonic sWitch platform. In this case, a 
chamber at a Waveguide intersection is ?lled With index 
matching ?uid. The ?uid can be heated so that a non-index 
matching bubble is formed. Thus, the presence of the bubble 
causes light to be re?ected, While the absence of the bubble 
causes light to be transmitted. Capillary geometry and 
Wetting properties can stabiliZe the bubble to establish the 
desired sWitching condition. HoWever, such sWitches require 
a constant supply of poWer to maintain the vapor bubble, 
although poWer need not be continually supplied to maintain 
the non-bubble condition. In this sense, then, the optical 
sWitch is stable only in the non-bubble condition, and is 
non-stable in the bubble condition. Such bubble-based 
sWitches are therefore problematic in applications Where 
poWer consumption and/or poWer supply reliability are a 
problem. In addition, bubble sWitches can suffer from vapor 
lock caused by inadequate bubble removal. Champagne 
photonic sWitches are disclosed in European Patent Appli 
cation No. 1,014,140, claiming priority to US. patent appli 
cation Ser. No. 09/221,655, ?led Dec. 23, 1998, both of 
Which references are incorporated by reference. NTT Elec 
tronics has recently offered a thermo-capillary optical sWitch 
that is “self-latching.” The sWitch relies on an oil latching 
interfacial variation effect, or “OLIVE,” Where index 
matching oil is injected into a micro driving slit at the point 
Where tWo Waveguides intersect. When the surface tension 
of the oil is decreased by heating, thermo-capillary forces 
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2 
move the oil column toWards the loWer-temperature side of 
the slit. Once the oil is aWay from the intersection of the 
Waveguides, the light path is sWitched by total internal 
re?ection on the slit side Wall. Although the OLIVE sWitch 
provides for latched operation, the actuation mechanism is 
inherently sloW due to the large thermal mass that must be 
heated in order to change the state of the sWitch. 

Thus, it should be appreciated that fast bi-stable optical 
sWitches are needed that preferably do not suffer from vapor 
lock. 

SUMMARY OF THE INVENTION 

The present invention provides for pressure-actuated 
bi-stable optical sWitching. Thus, an inventive sWitch and 
method uses pressure to move an index-matching liquid into 
and out of an optical path. Pressure is generated to move the 
liquid Within a cavity that intersects the optical path. When 
the pressure moves the liquid into the optical path, light is 
transmitted; When the liquid is moved out of the optical path, 
light is re?ected. In the absence of pressure, the liquid 
position can be maintained using a number of different 
phenonema. In addition to providing an individual sWitch 
element and a method, the invention provides for a matrix 
sWitch With pressure-actuated bi-stable sWitch elements, 
optical systems incorporating such sWitches, and corre 
sponding methods. 
The pressure can be applied by heating gas Within the 

cavity. For example, the cavity can include gas reservoirs at 
opposite ends of the cavity; the liquid can be moved by 
heating the reservoir adjacent the ?uid. In some 
embodiments, not all the liquid is moved; instead the pres 
sure cleaves a slug of liquid forcing only a portion to move. 
When the liquid motion is reversed, the portion of the liquid 
that did not move helps stabliZe the returned liquid using 
surface tension. In addition to or in lieu of this mechanism, 
various embodiments of the invention use capillary shape or 
Wettability pro?le or both to achieve latching. 

The present invention differs in part from the Champagne 
technology described in the previous section in that the 
“motivating” gas is not generated from the index-matching 
liquid, but can be separate. Accordingly, the gas need not be 
created and removed, but simply expands and contracts. 
Thus, the problem of vapor lock facing Champagne tech 
nology can be avoided by the present invention. In addition, 
since a bubble need not be sustained to make the intersection 
non-index-matching, the inventive sWitch is bi-stable (self 
latching in both conditions). In comparison to the OLIVE 
technology, the invention can provide for much faster 
sWitching, as the thermal mass that must be heated to move 
the index-matching ?uid can be much less. Other 
advantages, in addition to or in lieu of the foregoing, are 
provided by certain embodiments of the invention as is 
apparent from the description beloW With reference to the 
folloWing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention can be better understood With reference to 
the folloWing draWings. The components in the draWings are 
not necessarily to scale, emphasis instead being placed upon 
clearly illustrating the principles of the present invention. 
Moreover, like reference numerals have been used in the 
draWings to designate corresponding parts throughout the 
several vieWs. 

FIG. 1 is a conceptional block diagram of an embodiment 
of an optical communication system that can incorporate a 
pressure-actuated bistable sWitch of the invention. 
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FIG. 2 is a vertical cross-section of an embodiment of a 
pressure-actuated bistable sWitch of the invention. 

FIG. 3 is a partial horizontal cross-section taken along 
section III—III in FIG. 2. 

FIG. 4 is a partial horiZontal cross-section of another 
embodiment of a pressure-actuated bistable optical sWitch of 
the invention. 

FIG. 5 is a partial horiZontal cross-section of yet another 
embodiment of a pressure-actuated bistable optical sWitch of 
the invention. 

FIG. 6 is a partial horiZontal cross-section of yet another 
embodiment of a pressure-actuated bistable optical sWitch of 
the invention. 

FIG. 7 is a ?oW diagram for a method of sWitching an 
optical signal. 

DETAILED DESCRIPTION 

FIG. 1 is a conceptual block diagram of an optical 
communication system 100 of the invention for exchanging 
information via light Wave signals. In FIG. 1, an input signal 
110 is provided to a driver 120 that controls an optical source 
130. Light Waves from the optical source 130 are provided 
to an optical sWitch 140 that connects the optical source 130 
to one of the optical Waveguides 150, 155. Light is trans 
mitted by the selected Waveguide 150 or 155 to a second 
optical sWitch 200, Where it is directed to one of the optical 
detectors 160, 165. The output from the selected detector 
160 or 165 is then sent to an output circuit 170 that produces 
an output signal 180. Of course, optical sWitches 140, 200 
may also be utiliZed in other parts of the communication 
system 100, such as betWeen Waveguides 150 and 155, and 
in other systems Where lightWave signals need to be 
sWitched betWeen sources, Waveguides, detectors, and/or 
other devices. The sWitching speed of the optical sWitches 
140 and 200 is a signi?cant factor in determining the 
capacity of the netWork 100. 

FIG. 2 is a vertical cross-section of an embodiment of the 
pressure-actuated bistable optical sWitch 200 shoWn in FIG. 
1. The detailed description of sWitch 200 also applies (to 
some extent) to sWitch 140 of FIG. 1. The sWitch 200 
includes three layers—a silicon driver layer 202, a heater 
layer 204, and a Waveguide layer 206. These layers alloW the 
sWitch 200 to be fabricated from conventional materials 
using Well-known fabrication technology. For example, the 
driver layer 202 is preferably a semiconductor material 
While the heater layer 204 may be glass, or other insulating 
material. The Waveguide layer 206 can be formed from a 
transparent material, such as glass or plastic, preferably 
matched to a refractive index of optical Waveguides that may 
be coupled to the Waveguide layer 206, but are not shoWn in 
the FIGs. 

Bond pads 208 are arranged on one side of the silicon 
driver layer 202 in order to provide electrical poWer and/or 
other signals that are conducted through the vias 210 in 
heater layer 204 for reception by transducers 212. Each of 
the transducers 212 is arranged in its oWn reservoir 214 that 
is connected by a conduit 216 to a corresponding reservoir 
for the other transducer. HoWever, a different number of 
transducers, reservoirs and/or conduits may also be used. As 
discussed beloW, the conduit 216 is preferably siZed so that 
capillary effects predominate for ?uid(s) in the conduit. The 
conduit 216 is therefore sometimes also referred to as a 
“capillary.” 

HoWever, conduits 216 With larger siZes may also be used. 
The spaces betWeen the Walls of the reservoirs 214 and their 
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4 
transducers may also be siZed similarly or differently from 
the conduit 216. 
The transducers 212 convert electrical energy from the 

vias 210 into other forms. The converted energy is then used 
to move a ?uid in the conduit 216. For example, the 
transducers 212 pump, compress, or otherWise pressuriZe the 
?uid in the reservoirs 214 in order to move the same or a 
different ?uid in the conduit 216. In one embodiment, one or 
both of the transducers 212 move ?uid in the reservoirs 214 
Without signi?cantly changing a physical phase of the ?uid 
in the reservoirs 214 near the transducers 212. For example, 
a liquid may be moved Without signi?cant vaporiZation 
since the formation of bubbles in the capillary may decrease 
the positional stability of the liquid. HoWever, a portion of 
the ?uid in the reservoir 214 near a heater-type transducer 
212 may be vaporiZed or cavitated if bubble-jet type ?uid 
pumping is used. Similarly, liquid in the reservoir is pref 
erably moved Without the formation of ice crystals that 
could interfere With the desired ?oW in the capillary. For 
example, the liquid may be an oil and/or a solvent With a 
knoWn and stable Wettability in connection With the mate 
rials that coat the capillary. The ?uid in the conduit 216 Will 
preferably have a refractive index that is matched to any 
optical Waveguides (not shoWn) that are attached to the 
sWitch 200. 

In yet another embodiment, the transducers 212 move 
?uid in the capillary by changing a surface tension of the 
?uid in the reservoirs 214. The change in surface tension is 
preferably, but not necessarily, reversible. For example, the 
transducers 212 may be heaters (and/or coolers) for increas 
ing (and/or decreasing) a temperature of liquid (or semi 
liquid) ?uid and causing a corresponding decrease (and/or 
increase) in surface tension. HoWever, various other types of 
?uids and energy output from the transducers 212 may also 
be used to affect the cohesive forces betWeen the molecules 
in the ?uid and/or adhesive forces betWeen the ?uid and the 
Walls of the capillary. For example, certain liquid metals 
(including mercury) and semimetals (including high 
temperature gallium) Will exhibit a change in surface tension 
under an applied voltage. Other liquid and/or semi-liquid 
substances (such as gel polymers) Will exhibit a change in 
surface tension When subject to mechanical energy, such as 
high-frequency vibrations. The transducers 212 may there 
fore provide any form of energy (including nuclear, 
mechanical, chemical, electrical, and/or electromagnetic 
energy) that Will change a surface tension of the correspond 
ing ?uid in the reservoirs 214, preferably Without changing 
the phase of the ?uid (such as by vaporiZing or solidifying). 

“Surface tension” is a term that is often used to explain 
various capillary effects. The surface tension in a drop of 
liquid typically acts like an elastic skin to pull the liquid into 
a sphere in order to minimiZe the surface area of the drop. 
This phenomenon arises from the inWard attractive “cohe 
sion” forces of the liquid being much stronger than the 
outWard attractive forces of the surrounding vapor. For 
liquids, surface tension generally decreases With increasing 
temperature and the addition of impurities in the ?uid. For 
example, “surfactants,” such as detergents, that congregate 
at the surface of the liquid are particularly effective at 
reducing surface tension. 
When a liquid or semi-liquid is in contact With a solid, 

hoWever, the attractive “adhesion” forces betWeen the liquid 
and solid can be greater than the cohesive forces betWeen the 
molecules of the liquid. The resulting “capillarity” Will 
affect the shape of the liquid surface near the liquid-solid 
interface. For example, Water Will form a “meniscus” curved 
surface near the edges of a glass container. For solid surfaces 
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that are close together, these capillary effects can extend 
completely across a narrow channel of liquid. In that case, 
the liquid Will either be draWn into the capillary channel or 
repelled by the capillary depending upon the “Wettability” of 
the solid surface inside the capillary for that particular liquid 
(or semi-liquid). For example, a highly Wettable, or 
“hydrophillic,” capillary surface Will draW liquid into the 
capillary. In contrast, a capillary having a “hydrophobic” 
surface Will generally resist the ?oW of liquid into the 
capillary. The terms “?uidphillic” and “?uidphobic” are also 
used When describing capillary topographies associated With 
?uids that may include gases, vapors, liquids and/or semi 
liquids similar to hydro?llicities for just liquids. 

In one embodiment, the ?uid in the conduit 216 is a liquid 
slug 218 (shoWn in FIGS. 2 and 6) bounded at one or both 
ends by a gas (or vapor) Which experiences a transient rise 
(or drop) in temperature and corresponding rise (or drop) in 
pressure caused by electrical pulse (or other energy source) 
applied to a heater-type transducer 212 in the reservoir 214. 
This rise (or drop) in pressure causes gas in the reservoir 214 
to expand and move the ?uid from one position to another 
position further from (or closer to) the pressure source. The 
gas is preferably inert, has loW solubility (or is immiscible) 
With the liquid slug 218, and/or does not contain oxygen. For 
example, nitrogen may be used. In sWitch 200, the pressue 
actuation is done by heating a gas in the reservoirs by 
resistive heating. As an alternative to a resistive heater, 
another type of transducer might be used for heating the gas. 

The liquid slug 218 is positionable in the capillary so as 
to affect light transmission through that portion of the 
capillary. For example, the conduit 216 may be positioned in 
a light transmission path (not shoWn), such as in a gap 
betWeen tWo sections of an optical Waveguide in a planar 
lightWave circuit. The liquid slug 218 is then positioned in 
the conduit 216 so as to affect light transmission from one 
section of the Waveguide to the other, such as by attenuation, 
dispersion, refraction, polariZation, Wavelength ?ltering, 
and/or other effects. For example, the light from one section 
of Waveguide is preferably transmitted to the other section of 
the Waveguide, or re?ected from the Walls of the capillary, 
depending upon the position of the liquid slug 218 in the 
conduit 216. 

The liquid slug 218 Will have at least one, but preferably 
tWo or more, position(s) in the conduit 216 Where it Will 
exhibit stability. These portions are sometimes referred to as 
“potential Wells” and are separated by a “potential 
ridge.”Preferably, the liquid slug 218 Will be maintained in 
one of these equilibrium con?gurations, even When sub 
jected to small perturbations. For example, When the liquid 
is slightly displaced from one of these equilibrium positions, 
it Will tend to restore itself to the equilibrium position. The 
?uid may also exhibit positional stability With regard to 
small perturbations in temperature, pressure, and/or surface 
tension. In this equilibrium position, the ?uid Will affect 
light transmission through the ?uid as discussed above. 

The stable positioning of the ?uid may be implemented by 
a variety of capillary topographies and/or other structures 
affecting capillarity. For example, a change in capillary 
topography may include a change in ?uidphilicity and/or a 
change in geometry of the capillary. In a preferred 
embodiment, the capillary topography Will include a change 
in Wettability and/or siZe of the capillary. For example, the 
inside Wall of the capillary may sWitch from hydrophillic to 
hydrophobic (or merely less hydrophillic) or from narroW to 
Wide. 

FIG. 3 is a partial horiZontal cross-section of one embodi 
ment of a pressure-activated bistable optical sWitch 300 
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6 
taken along section line E-III in FIG. 2, Without the liquid 
slug 218. FIG. 3 is an example of a capillary topography 
including a change in siZe of the capillary. In particular, the 
sWitch 300 has enlarged portions 350 arranged near a central 
portion of the capillary and, optionally, near the reservoir 
214. For round capillaries, the enlarged portions 350 Will 
have a larger diameter. For capillaries of other shapes, the 
enlarged portions Will have at least one larger dimension in 
comparison to the smaller portions of the capillary. This 
dimension (e.g., diameter) is generally referred to as a 
“Width” and may be provided in any angle relative to an axis 
of the capillary. 

Although FIG. 3 illustrates a channel 216 With three 
enlarged portions 350, any other number of enlarged por 
tions may also be provided. Also, the enlarged portions 350 
may be provided at other positions along the capillary, 
including in the reservoir 214 and/or conduit 216. 
Furthermore, the transition betWeen different Widths (or 
other geometries) in the capillary may be step-Wise or 
continuous so as to provide a more gradual transition 
betWeen the different Widths. For example, FIG. 4 illustrates 
another embodiment of a pressure-actuated bistable sWitch 
400 in Which tWo enlarged portions 450 are provided in the 
conduit 216 rather than a single enlarged portion 350 (FIG. 
3). 

FIG. 5 illustrates yet another embodiment of a pressure 
actuated bistable optical sWitch 500 in Which the change in 
capillary geometry includes tWo portions 560 having a 
different Wettability than other portions of the capillary. The 
term “change in Wettability” is broadly used here to include 
increases, decreases, and/or reversals of ?uidphilicity, 
?uidphobilicity, hydrophilicity, hydrophobicity, and/or other 
aspects of the internal surface of the capillary that Will 
increase and/or decrease the adhesion forces betWeen the 
?uid, or ?uids, and the Walls of the capillary. As With 
geometric changes in capillary topography, any number of 
Wettability changes may be provided at various positions, 
and for various distances, along the capillary. These changes 
may also be step-Wise or gradual. They may also occur 
around the entire internal perimeter of the capillary or just a 
portion of the internal perimeter. For example, the change in 
Wettability may be provided as a strip of coating material, 
such as a linear, circular, or helical strip, on the capillary 
Wall. Alternatively, the Wettability of the capillary 216 may 
be changed by using different materials, coatings, and/or 
surface textures for the interior surface of the capillary. 

FIG. 6 illustrates yet another embodiment of a pressure 
actuated bistable sWitch 600 including both geometric and 
Wettability changes in its capillary topography. In particular, 
FIG. 6 illustrates the capillary conduit 216 including an 
enlarged central portion 350 and tWo sections 560 having a 
different Wettability than a remainder of the capillary. The 
portions 560 Will be highly Wettable, or hydrophillic While 
the remainder of the capillary is non-Wettable, or 
hydrophobic, for the chosen liquid slug 218. 

In the con?guration shoWn in FIG. 6, a ?uid, such as 
nitrogen gas, in the reservoir 214 on one side is heated, or 
otherWise pressuriZed, by transducer 212 in the reservoir. As 
the gas pressure in the reservoir 214 rises, the liquid slug 218 
is forced out of the highly Wettable section 560, through the 
enlarged central portion 350, and into the highly-Wettable 
section 560 on the opposite side. At that point, the pressure 
of the nitrogen gas (or other ?uid) in the opposite reservoir 
214 rises and resists further movement of the slug 218. In 
addition, the liquid slug 218 is draWn into the opposite (left) 
highly-Wettable section 560. 
When poWer to the heated transducer 212 is sWitched off, 

the gas in the corresponding reservoir 214 Will begin to cool 



US 6,674,934 B2 
7 

and the gas pressure on one side of the liquid slug 218 Will 
begin to drop. However, the liquid slug 218 Will be pre 
vented from moving back to its original position by the 
high-Wettability of section 560. In addition, any portion of 
the liquid slug 218 that is draWn out by the highly-Wettable 
section 560 Will be prevented from moving to the other side 
of the sWitch 600 by the enlarged central portion 350. 

In this Way, the liquid slug 218 can be stably positioned 
in either of tWo locations in the capillary 216 due to the 
Wettability and/or geometry of the capillary. In addition, 
since the liquid slug 218 is moveable in the capillary 216 by 
heat-pressuriZed gas on one side of the slug 218, the slug can 
be moved quickly using relatively little energy as compared 
to devices that require heating and/or vaporiZation of a 
liquid in order to provide adequate pressure variations. One 
possible optical path through the slug 218 is shoWn by the 
bold arroWs in FIG. 6. 

FIG. 7 is a How diagram for one embodiment of a method 
for sWitching an optical signal 700. The method 700 
includes the step of providing an optical path at step 710. At 
step 720, an index-matching ?uid is provided so that it is 
selectively movable betWeen a ?rst position and a second 
position Where the ?rst position is arranged along the optical 
path and the second position is displaced from the optical 
path. For example, potential Wells may be arranged at each 
of the ?rst and second positions With a potential ridge 
disposed there betWeen. At step 730, the ?uid is selectively 
moved from the ?rst position to the second position, such as 
by a pressure generator. 

The foregoing description has been presented for pur 
poses of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise forms 
disclosed. Modi?cations or variations are possible in light of 
the above teachings. The embodiment or embodiments 
discussed, hoWever, Were chosen and described to provide 
the best illustration of the principles of the invention and its 
practical application to thereby enable one of ordinary skill 
in the art to utiliZe the invention in various embodiments and 
With various modi?cations as are suited to the particular use 
contemplated. All such modi?cations and variations are 
Within the scope of the invention as determined by the 
appended claims. 
What is claimed is: 
1. An optical sWitch comprising: 
an optical path; 
a cavity intersecting said optical path to de?ne a ?rst 

position along said optical path and a second position 
displaced from said optical path; 

an index-matching liquid Within said cavity, said index 
matching liquid having an index of refraction closer to 
an index of refraction of said optical path than to that 
of a vacuum; and 

a pressure generator for generating pressure that selec 
tively moves said liquid betWeen said ?rst and second 
positions; 

Wherein said cavity exhibits a potential pro?le for, While 
said pressure generator is not generating pressure, 
maintaining said liquid in the one of said ?rst and 
second positions to Which said liquid Was most recently 
moved, and Wherein said potential pro?le is formed by 
a ?rst surface in the cavity having a ?rst Wettability, and 
a second surface in the cavity having a second 
Wettability, the ?rst Wettability being different than the 
second Wettability. 

2. The optical sWitch of claim 1, Wherein one of the ?rst 
and second surfaces is hydrophilic and the other of the ?rst 
and second surfaces is hydrophobic. 
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3. The optical sWitch of claim 1, Wherein said potential 

pro?le is formed by: 
a third surface in said cavity having said ?rst Wettability; 

and 

Wherein said ?rst and third surfaces are arranged on 
opposite edges of the second surface. 

4. The optical sWitch of claim 1, Wherein said pressure 
generator is a transducer. 

5. The optical sWitch of claim 1, Wherein said cavity is a 
capillary. 

6. The optical sWitch of claim 5, Wherein said potential 
pro?le is formed by: 

a ?rst length of the capillary having a ?rst surface With a 
?rst Wettability; and 

a second length of the capillary having a second surface 
With a second Wettability, the ?rst Wettability being 
different than the second Wettability. 

7. The optical sWitch of claim 6, Wherein one of the ?rst 
and second surfaces is hydrophilic and the other of the ?rst 
and second surfaces is hydrophobic. 

8. The optical sWitch of claim 7, Wherein the pressure 
generated by the pressure generator is a negative pressure. 

9. The optical sWitch recited in claim Wherein said poten 
tial pro?le is formed, at least in part, by a change in siZe of 
said cavity. 

10. A method for sWitching an optical signal comprising: 
providing an optical path; 
providing an index-matching liquid selectively movable 

betWeen a ?rst position de?ned by a ?rst surface having 
a ?rst Wettability and a second position de?ned by a 
second surface having a second Wettability, the ?rst 
Wettability being different than the second Wettability, 
the ?rst position being arranged along the optical path, 
the second position being displaced from the optical 
path; and 

selectively moving the liquid from the ?rst position to the 
second position and vice versa With a force, the liquid 
being stable in the position to Which it Was most 
recently moved, such that When the liquid is in the ?rst 
position, an optical signal propagated along the optical 
path is directed to a ?rst location, and When the liquid 
is in the second position, the optical signal is directed 
to a second location. 

11. The method of claim 10, Wherein the index-matching 
liquid has an index of refraction closer to an index of 
refraction of the optical path than to that of a vacuum. 

12. The method of claim 11, further comprising: 
providing a pressure generator; and 
Wherein the force is generated by the pressure generator. 
13. The method of claim 12, Wherein the pressure gen 

erator is a transducer. 
14. The optical sWitch recited in claim 13, Wherein said 

transducer includes a thermal energy generator. 
15. The optical sWitch recited in claim 14, Wherein said 

thermal energy generator is a heater. 
16. A communication system comprising: 
an optical sWitch optically communicating With an input 

transmission medium, said optical sWitch de?ning an 
optical path, said optical sWitch having a cavity inter 
secting said optical path to de?ne a ?rst position that is 
de?ned by a ?rst surface having a ?rst Wettability along 
said optical path and a second position that is de?ned 
by a second surface having a second Wettability dis 
placed from said optical path, the ?rst Wettability being 
different than the second Wettability, an index-matching 
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liquid Within said cavity, said index-matching liquid 
having an index of refraction closer to an index of 
refraction of said optical path than to that of a vacuum, 
and a pressure generator for generating pressure that 
selective moves said liquid betWeen said ?rst and 
second positions, said cavity exhibiting a potential 
pro?le for, While said pressure generator is not gener 
ating pressure, maintaining said liquid in the one of said 
?rst and second positions to Which it Was most recently 
moved. 

17. The communication system of claim 16, further com 
prising: 

an input transmission medium optically communicating 
With said optical sWitch. 

18. The communication system of claim 16, further com 
prising: 

a ?rst output transmission medium optically communi 
cating With said optical sWitch; and 

a second output transmission medium optically commu 
nicating With said optical sWitch; 

Wherein, When said liquid is moved to said ?rst position, 
light propagated along said optical path is directed to 
said ?rst output transmission medium and When said 
liquid is moved to said second position, light propa 
gated along said optical path is directed to said second 
output transmission medium. 

19. An optical sWitch comprising: 
a cavity intersecting an optical path, said cavity including 

a ?rst potential Well located along said optical path, 
a second potential Well displaced from said optical 

path, and 
a potential ridge disposed betWeen said potential Wells; 

an index-matching liquid Within cavity, said index 
matching liquid having an index of refraction closer to 
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an index of refraction of said optical path than to that 
of a vacuum; and 

a pressure generator for generating pressure that selective 
moves said liquid betWeen said ?rst and second poten 
tial Wells. 

20. An optical sWitch as recited in claim 19, Wherein said 
cavity has a smaller cross section at said potential ridge than 
at said potential Wells. 

21. An optical sWitch as recited in claim 19, Wherein said 
pressure generator includes gas Within said cavity and a 
heater for heating said gas. 

22. An optical sWitch as recited in claim 19, Wherein said 
cavity includes a capillary. 

23. A method of sWitching an optical signal being trans 
mitted along an optical path, said method comprising gen 
erating pressure so as to move an index-matching liquid 
betWeen a ?rst potential Well having a ?rst Wettability along 
said path and a second potential Well having a second 
Wettability displaced from said path, the ?rst Wettability 
being different than the second Wettability. 

24. Amethod as recited in claim 23, Wherein said pressure 
is generated by heating a gas adjacent to said liquid. 

25. Amethod as recited in claim 23, Wherein said ?rst and 
second potential Wells are separated by a potential ridge. 

26. A method as recited in claim 25, further comprising 
creating said ?rst and second potential Wells and said 
potential ridge Within a cavity that is narroWer at said 
potential ridge than at said potential Wells. 

27. A method as recited in claim 25, further comprising 
creating said ?rst and second potential Wells and said 
potential ridge Within a cavity that is either more or less 
Wettable at said potential ridge than at said potential Wells. 

* * * * * 


